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PREFACE. 


1  |  '  FI  E  defire  of  accounting 
for  the  effects  of  our  own 

•  i  _  t  j 

operations,  is  extremely  natural  ; 
I  have  often  been  greatly  nior- 

w  v  J  i  iw  i  •«  f 

tified  in  not  being  able  to  af- 
fign  any  fatisfactory  reafon  to 
myfelf,  why  putting  a  piece  of 
heated  feed  into  cold  water 
fhould  occafion  its  becoming 

hard. 


vi  PREFACE. 

hard.  I  failed  not  to  make 
enquiries  wherever  I  difcovered 

i  « 

the  leaft  probability  of  obtain¬ 
ing  information,  and  looked  into 
every  Englijh  author,  from  whole 
works  I  could  form  the  leaft 
expectation  of  gaining  any  know¬ 
ledge  herein  ;  but  I  found  very 
few,  even  among  the  learned, 
who  had  attempted  the  expla¬ 
nation  ;  and  what  thofe  have 

delivered,  whom  I  have  peruled, 

« 

never  failed  rather  to  increafe 

than  remove  my  doubts,  by 

making 


.  \ 

%  ' 
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making  the  myftery  ftill  more 
my  fterious. 

.  **  *  T  *  *  r 

My  difappointments  have  fome- 

T  *  *  A  *t»r 

-  •  v  t  ■  /-■:  *  •+  f  r  *r,  *  „ 

times  fuggefted  to  me,  that  it 


is  better  for  an  author  to  be 

-  >  i  Jl  >.  : 

perfectly  filent  on  abftrufe  points, 

'  1  V*  " 

than  to  treat  thereon,  unlefs  he 

* 

poffefles  both  intention  and  abi~ 

*  m  ..  .  t  1 

lity  to  be  very  explicit. 


I  found  myfelf  reduced  to  the 
neceffity  of  attempting  the  dif* 
covery  by  my  own  experiments ; 
and  though  I  cannot  fay  this 


viii  P  R  E  F  A  C  E. 

proved  an  unpleaimg  talk,  yet 

# 

I  muft  confefs,  it  fell  very  fhort 
of  affording  me  the  knowledge 

-  -  -  -  w  '  4  •  ‘  '  1  ■*  '  >  ./  ,J  v  , 

I  was  in  fearch  of. 

“  *  s  ^  ~  *  *-  #-  if*  *  • ;  > 

^  i.  -  -  -c  >  (  k  i  ^  .!  L 

r  *  ••  '  _ 

While  I  was  engaged  in  this 

t . 

>  •  *"*/%* 

purfuit,  I  learned  by  accident, 

r  *•  a.  f>  1  »  ^ 

that  a  French  author  of  great 

f  *  •  ►  t  •  4 

reputation  had  wrote  upon  the 

•  •  f  t  *  » 

fubjedt :  having  perufed  his  works, 
I  difcovered  a  much  more  ela¬ 
borate  account  of  the  matter, 
than  any  I  before  had  met 

-it I  « 

t 

with.  His  thoughts  feemed  to 

be 


n  m  >  f  •  . 

P  A  E  F  A  C  E; 


i  -  •  ' 

bfe  delivered  without  the  kaft 

•  \ 

t  *  | 

difguife,  his  reafons  fupported  by 


very  ingenious  experiments*  and 
his  writings  through  the  whole 
appeared  evidently  calculated  to 
inveftigate  the  knowledge  I  had 

4  *  .  *  * 

hitherto  fearched  for  in  vain.  I 
thought  it  but  juftice  to  give 
this  account  of  my  author,  left 
the  reader  fhould  condemn  in 


him,  what,  very  likely,  may  be 
owing  to  the  inability  of  the 
tranflator. 


k 


I  made 


I  made  no  doubt,  but  every 
mechanic  who  had  any  concern 

*  '  J.  1  ■ 

in  the  myfterious  operation  of 


hardening  fteel,  would  be  as  well 
pleafed  as  myfelf,  to  have  any 
information  on  the  fubject,  and. 


if  they  fhould  not  receive,  in 

' 

peruling  the  following  extract,  fo 
much  fatisfaction  as  the  original 
is  capable  of  affording,  I  flatter 


myfelf  however,  they  will  herein 
find  the  matter  more  copioufly 

V*  <  *  ..  ^  .  i  V* 

difeufied,  than  in  any  other  au¬ 
thor,  and  that,  if  it  fhould  fail 


PREFACE. 


xi 


of  affording;  a  thorough  convic- 

O  O 

tion,  as  to  the  fubjeCt  treated  of, 
it  will,  notwithftanding,  fet  it  in 
fuch  a  light,  as  cannot  fail  to 
afffff  thole,  who  may  hereafter 
be  in  purfuit  of  the  difcovery. 
In  this  view,  I  ventured  to  hope 
the  publication  would  ftand  ex- 
cufed,  and  that  the  propriety  of 
the  deffgn  would  extenuate  the 
defeats  of  the  production. 

The  operation  by  which  ft  eel 
is  rendered  hard,  is  of  very  an- 

a  2  cient 


v. 


cicnt  date,  has  been  pradtiled  ii} 
almoft  all  countries,  by  number- 

*  S-  .1  ’«? 

\ 

Jefs  artifts  of  different  denomina- 

,  .*  it  ■*  •  »  t  \  ?  j 

tions,  and  yet,  I  believe,  I  may 
venture  to  aflert,  that,  even  to 
this  day,  there  is  not,  among 
the  whole  catalogue  of  nature’s 
fecret  workings,  any  effect  pro¬ 
duced,  whofe  caufe  is  fo  little 

V  T  \  •  •  ■*  *■  :  *  * 

/  "  ,  ..  i  '  '  ■ 

underftood  ;  I  no  lefs  honour 
Monffeur  Reamur ,  for  the  bare 

i  •  ;  :  ,  i  ■  i  -*  .  .  ;  V'  .  >  ►  '■  *  • 

attempt  to  elucidate  fo 
a  myftery,  than  I  admire  the 

i.  t  *  ».  t  ^  j  •  i  l  i  1  -Si  <fc  -  *  i  i  /  <.*  *  *  - 


profound 
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<  *  '  ?  i.  \  t  *  7  « 


very  great  extent  of  his  judge¬ 
ment. 

I  .  -  ■  .  *  . 

I  will  not  pretend  to  alledge 
however,  that  every  reafbn  ad- 

%•  *  t  *.  * 

vanced  by  him,  carries  fuch  a 

•  *,  •  «  *  '  ,  # 

degree  of  conviction  with  it,  as 
to  leave  the  mind  without  a 

*  .«  t  ,  ».  i  t  i  rf  *  • 

doubt,  nor  do  I  believe,  that  he 

(  ,  *  ■>  '  *  4  '  *  •  *  .  >  *  * 

-  'l  **  *  *  •  * 

himfelf  entertained  that  opinion 
pf  his  arguments,  even  experi- 

’•  5 

ments  themfelves,  however  Ipeci- 
ous  in  appearance,  do  fometimes 
illude  the  mind,  and  betray  us 

into 

»  '  A- 
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PREFACE. 


into  eonclufions,  which  have  at 
other  times  been  found  to  be  fal¬ 


lacious,  but  it  fhould  not  appear 

* 

wonderful,  that  the  author  of 
nature  is  capable  of  producing 
effects  by  means,  which  finite 
mortals  cannot  comprehend. 


In  all  phyfical  enquiries,  our 

i  • 

mod  determined  conclufions  have 
no  other  bafis  than  fuppofition, 
from  thence  we  reafon,  from 
thence  produce  arguments,  and 

•  Vi 

from  thence  draw  inferences ;  if 


our 


I 
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4#  .H  <  ^  ■  **  ^  •  «*'6* 

our  conjectures  are  well  ground¬ 
ed,  the  confequences  become  in¬ 
dubitable,  but  it  is  not  at  all 

. 

furprifing,  if,  as  we  are  totally 
uncertain  in  refpe£t  to  primary 
caufes,  we  fhould  fometimes  rea- 

v  1  .  v  V 

fbn  ourfelves  (if  I  may  fo  exprefs 

\  i  J  *  JL 

f  •* 

it)  into  error  j  I  am  fure  my 
author  appears  to  be  thoroughly 

i  ^ 

aware  of  this,  and  therefore,  I 
prefume,  he  took  great  pains  to 
convince  himfelf  of  the  certainty 
of  his  hypothecs. 


- 


I 


5  -  n* 
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^  *  .  f  *  *  * 

I  have  only  td  regret*  that 

j  ^  ♦>  *  —  ft  » 

he  now  makes  his  appearance,' 

i  i  \  ■  '  m  ' 

under  the  difadvatitageous  circum- 

m  r*  .  /•  #»• 

fiance  of  being  tranflated  by  a 


man, 


who  never  had  an  oppor- 


%  T  r 

tunity  of  leaving  his  native 
doni,  to  improve  himfelf  in  the 
language,  from  which  the  follow¬ 


ing  pages  are  colle&ed, 


GOTO 


,  f 


AN 


/ 


A  N 


ESSAY 


On  the  Mystery  of 


TEMPERING  STEEL. 


H  E  diftinguifhing  character  of 


JL  fteel,  confidered  with  refpedt  to 

i  ^ 

the  offices  it  ferves,  conlifts  in  the  pecu¬ 
liar  property  it  has  of  becoming  hard 
by  means  of  tempering  $  a  property  fo 
very  eflential  to  many  arts,  that  without 
it  they  could  not  be  exercifed*  an  infinite 
number  of  tools  and  machines  owing 


B 


their 


(  a  ) 

their  ufe  entirely  to  their  hardnefs. 
When  we  confider  the  fimplicity  of  the 
procefs,  by  means  of  which  we  are  ca¬ 
pable  of  giving  fteel  fuch  a  degree  of 

hardnefs,  at  the  fame  time  confidering 

\  4  ’ 

the  extenfive  ufe  it  is  of  in  the  world, 
we  fhall  not  hefitate  to  place  it,  as  Ro - 
hault  has  done,  among  the  number  of 
thofe  mod  worthy  our  admiration. 

Several  naturalifts  have  attempted  to 
explain  this  phenomenon  5  but,  as  thofe 
attempts  were  made  at  a  time  when  the 
nature  of  fteel  was  not  fufficiently 
known,  it  is  not  furprizing,  that  their 

V  %  \ 

accounts  ihould  have  been  unfatisfa&ory. 
They  endeavoured  to  account  for  it,  ac¬ 
cording  to  the  eftablifhed  fyftem  re- 
fpefting  the  general  hardnefs  of  bodies, 

which 


I 


(  3  ) 

4 

which  would  by  no  means  furnifli  a  fo- 
lution  of  the  prefent  enquiry,  as  it  will 
be  found,  by  the  manner  in  which  I 
fhall  endeavour  to  explain  it,  that  fteel, 
in  becoming  hard,  departs  from  a  fun¬ 
damental  law  in  that  fyftem,  which  fup- 
pofes  that  bodies  of  a  fimilar  nature  are 
fo  much  the  lefs  hard,  as  they  have 
more  fize  with  refpedt  to  the  fame  quan¬ 
tity  of  matter,  becaufe,  in  this  cafe,  the 
parts  being  lefs  united,  cannot  hold  fo 
well  together.  And  it  will  appear,  by 
the  experiments  which  I  have  made, 
that  fteel  never  fails  to  increafe  in  mag¬ 
nitude  by  means  of  hardening ;  or,  to 
come  nearer  the  truth,  that  tempering 
fixes  in  it  that  increafe  of  magnitude 
which  the  fire  occafioned. 


B  2 


The 


I  I 

—  I  • 

(  4  ) 

The  whole  of  the  myftery  of  harden¬ 
ing  fteel,  according  to  the  general  me¬ 
thod,  may  be  explained  in  very  few 

♦  »  *  t  a 

words.  A  piece  of  fteel  is  heated,  and, 

9  r 

becoming  red,  is  fuddenly  plunged  in 

i  „  ,  '■  *  k  v  •  \ 

cold  water.  This  little  procefs  is  fuffi- 

•  *  * .  »  .  - 

cient  to  have  given  a  confiderable  degree 
of  hardnefs  to  the  piece  of  fteel,  which, 
had  it  been  left  to  remain  and  cool  among 
the  coals  from  which  it  received  the 
heat,  would  have  been  ftill  in  a  foft 
ftate,  tender  and  yielding  to  the  file. 
This  is  an  indifputabie  fa<ft  ;  notwith- 
ftanding  a  mind  (not  pre-advifed  of  the 
cafe)  left  to  guefs  by  which  of  thefe  cir- 
cumftances  the  fteel  had  acquired  the 
greater  degree  of  hardnefs,  would  be 

v  s  t 

\u  .  ,  i 

tempted 


tempted  to  pronounce  in  favour  of  the 
latter. 

In  the  operation  of  tempering,  we 
begin  by  giving  a  confiderable  degree  of 
heat  to  the  fteel  ;  we  introduce  in  its 
fubftance  innumerable  particles  of  fire, 
which  feparate  and  detach  its  parts,  and, 
in  a  word,  enlarge  its  dimenfions.  In 
this  ftate  it  is  precipitated  into  cold  wa¬ 
ter  :  the  water  very  foon  puts  a  flop  to 
the  adtion  of  the  fiery  matter,  which  had 
penetrated  the  fteel  ;  hence  a  part  of 
the  augmentation  which  the  fire  had 
occafioned,  becomes  fixed  in  the  mafs, 
it  being  impoflible  it  fhould  lofe  what  it 
had  acquired,  unlefs  the  parts  could  re¬ 
turn  to  the  place  they  firfl:  poffeffed  ; 
and  that  is  prevented  by  the  heat  yet 

1  * . 

retained 


(  6  ) 

retained  in  the  interiour  parts,  which 
cannot  receive  the  fame  degree  of  cold- 
nefs  at  the  inftant  the  outward  parts  are 
affeded :  hence  it  appears,  that  one  of 
the  effeds  produced  by  tempering  of 
fteel,  is  to  give  it  a  greater  degree  of 

i 

magnitude  than  it  would  have  had,  had 
it  been  fuffered  to  cool  of  itfelf. 

Water  is  the  only  body  which  in  be¬ 
coming  hard  (as  in  the  inftance  of  ice) 

9 

apparently  increafes  in  volume  •>  but  this 

,  * 

appearance,  according  to  a  very  nice 
experiment  made  bv  Monfieur  Homberg> 
will  be  found  to  be  illufive,  for  he  tells 
us,  that,  after  having,  with  much  time 

#  »r 

and  pains,  extraded  moft  of  the  air 
contained  in  a  quantity  of  water,  he 
difcovered  that  water  in  freezing  always 

decreafed 


i 


(  7  ) 

decreafed  in  bulk,  and  by  this  we  may 
perceive,  that  what  we  before  thought 
was  occafioned  by  the  body’s  becoming 
hard,  was  in  reality  owing  to  nothing 
elfe  than  the  dilatation  of  the  air  which 
the  water  contained. 

If  the  enlargement  of  Heel,  occafioned 
by  tempering,  fhould  not,  by  what  has 
been  faid,  be  fufficiently  proved,  it  will 
appear  lefs  doubtful  by  the  examination 
of  a  piece  of  fteel  that  is  broke,  after 
having  been  tempered,  which  will  be 
found  to  be  more  porous  than  before  $  * 

an 

*  This  aflertion  muft,  at  firft  fight,  appear  ex¬ 
traordinary;  as  thofe  who  have  hardened  fteel, 
never  think  that  operation  well  performed,  unlefs 
the  grain  of  the  fteel  appears  to  be  much  clofer 
than  that  in  a  foft  ftate ;  but  I  believe,  notwith- 
ftanding,  Monfieur  Rea?nur  is  perfectly  right  $  for 

it 


V 


I 


(  3  ) 

t  -  . 

an  experiment  I  have  often  tried  will  be 

a  ftill  further  convidtion  of  this  truth  $ 

which  is,  to  meafure  the  dimenfions  of 

» 

the  fteel  before  it  is  heated  •  and  again, 
after  it  is  hardened,  when  it  will  always 
appear  to  have  gained  fome  degree  of 
magnitude ;  it  has  been  obferved  by  Mr. 

Pcrraulty 

*  r  *  *  ** . 

.  . 

it  will  appear,  by  what  he  fays  hereafter,  that 
though  the  body  of  tempered  fteel  Teems  of  a  texture 
much  lefs  porous  than  the  fteel  which  is  not  tem- 
pered  j  its  grain  is,  neverthelefs,  confiderably  larger, 
and  its  appearance  of  clofenefs  is  owing  entirely 
to  the  fluid  matter  which  the  heat  had  difperfed 
among  its  particles,  and  which  became  fixed  in  the 
interftices  of  the  grain,  by  the  fudden  manner  of 
cooling  it ;  thofe  who  doubt  this,  need  only  quench 
a  piece  of  fteel  that  is  heated  much  more  than 

» 

common,  and  they  will  find  the  grain  extremely 
coarfe ;  for  the  violence  of  the  heat  having  driven 
the  fluid  matter  from  among  its  interftices,  the 
fize  thereof  will  then  be  very  difcernable. 


< 


(  9  ) 

Perrault ,  that  a  piece  of  fteel  wire,  after 
being  tempered,  would  not  pafs  through 
the  fame  hole  which  it  did  before  it 
was  hard  $  this  is  what  I  have  often 
tried,  and  have  always  found  it  prove 
the  certainty  of  an  augmentation :  not, 
however,  contented  with  this  experiment, 
I  was  delirous  to  know,  if  poffible,  with 
more  precifion,  how  great  this  augmen¬ 
tation  might  be ;  to  this  end,  I  procured 
a  piece  of  iron  hollowed,  fo  as  to  re¬ 
ceive  a  piece  of  fteel  fix  inches  long, 
two  broad,  and  half  an  inch  thick  $ 
after  having  hardened  pretty  highly,  the 
piece  of  fteel,  which  I  had  made  to  fit 
with  the  utmoft  exadnefs  in  this  iron 
cafe,  I  found  it  had  gained  in  length 
the  twelfth  part  of  an  inch,  there  was 

C  alfo 


(  10  ) 

w  k 

alfo  an  increafe  in  the  width  and  thick- 
nefs,  proportionable  to  what  it  had  ac¬ 
quired  in  length :  this  admitted  $  the 
diameter  of  the  volume  of  fteel  hardened 
to  a  certain  degree,  will  be  in  refpedi 
to  the  meafure  of  that  untempered,  in  the 
proportion  of  145  to  144,  confequently 
the  bulk  of  hardened  fteel  to  that  which 

9-  « 

is  not  fo,  ftands  in  a  greater  proportion 

* 

than  49  to  48,  for  the  cube  of  145 
is  3,048,625,  that  of  144  is  2,985,984, 
and  the  difference  between  one  and  the 
other  is  62,641  (that  is  to  fay)  fteel 
in  hardening,  acquires  at  leaft  a  48th 
of  its  original  fize. 

It  is  then  fufficiently  proved,  that 
tempered  fteel  is  of  a  texture  more  rare 
than  that  which  is  foft  (i.  e.  not  tem¬ 
pered.) 


I 


(  11  ) 

pered.)  Now  the  caufes  which  may  be 
fuppofed  likely  to  increafe  its  hardnefs 
in  augmenting  its  fize,  may  be  reduced 
to  three ;  ift,  either  the  fire  or  water 
has  added  a  matter  to  the  fteel,  which 
occafions  the  increafe,  and  unites  its 
parts  better  together ;  or  2dly,  on  the 
contrary,  the  fire  has  driven  from  within 
the  fteel  fome  kind  of  matter,  which 
prevented  the  parts  from  being  fo  well 
united  as  they  otherways  might  be;  or 
laftly,  fome  changes  have  been  occafioned 
in  the  body  of  the  fteel  in  the  figure, 
or  in  the  arrangement  of  its  parts,  by 
means  of  which  thofe  very  parts  obtain 
a  better  fituation. 

I  attempted  thofe  experiments  which 
I  judged  moft  likely  to  afford  me  in- 

C  2  formation 


(  12  ) 

formation  to  which  of  thefe  caufes  the 

effedt  might  be  afcribed;  I  was  foon 

»»  '■  • 

convinced  that  the  firft  and  fecond  were 
to  be  utterly  rejected  ;  the  *  firft  is  not 
confiftent  with  reafon ;  the  only  matter 
which  could  infinuate  itfelf  into  the 
fteel  during  the  inftant  of  tempering, 
is  water  ;  now  it  does  not  appear  pof- 
fible,  that  the  water  could  find  a  paffage 
to  penetrate  through  the  fteel ;  and 
moreover,  water  docs  not  feem  to  be 
of  a  nature  well  adapted  to  occafion 
the  hardnefs  of  fteel  5  it  is  neceflary  for 
this  purpofe  to  have  the  addition  of 
fame  matter,  whole  parts  ftiould  be 
united  in  a  ftronger  manner :  I  am  now 

1 

going  to  mention  an  experiment  which 

might  have  rendered  the  foregoing  ar¬ 
guments 


(  *3  ) 

guments  unneceffary,  and  which  will 
prove,  that  the  augmentation  which  fteel 
acquires,  is  not  owing  either  to  the  in¬ 
troduction  of  water,  or  any  other  weighty 
fubftance. 

I  weighed  in  a  very  exa£t  manner  a 
piece  of  flee!,  which  I  reduced  pfeeifely 
to  an  ounce,  and  after  having  heated  it 
to  a  full  red,  I  quenched  it  in  cold 
water  5  taking  it  thence,  I  wiped  it  quite 

dry,  and  weighed  it  again,  when  I  found, 

* 

not  only  that  it  had  not  gained  any 
weight,  but  that  it  had  even  loft  half  a 
grain.  Now  it  muft  be  obferved,  that 
if  the  increafe  of  its  fize  was  occafioned 
by  the  introduction  of  any  fubftance,  of 
an  equal  weight  with  itfelf,  the  piece 
of  fteel  Ihould  have  acquired  a  forty- 

eighth 
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eighth  of  its  original  weight,  in  confe- 
quence  of  having  gained  that  in  its  fize, 
as  before  mentioned,  now  if  the  acquired 
capacity  of  the  fteel  had  even  been  filled 
with  parts  of  water,  in  that  cafe,  the 
increafed  weight  would  be  very  deter¬ 
minable,  if  confidered  in  the  proportion 
of  weight,  which  that  body  bears  to  that 
of  fteel  ;  again,  if  the  introdu&ion  of 
water  had  any  part  in  the  hardening  of 
fteel,  we  may  infer,  that  it  would  be- 

4;  " 

come  ftill  harder  by  being  tempered  in 
boiling  water,  as  then  the  heat  of  the 
wrater  would  doubtlefs  facilitate  its  own 

V  .»  A  ,V  «.  '  i  *•'*•••>•  •  •*  I-  V  ' 

penetration  ;  and  yet  we  are  well  con¬ 
vinced,  that  boiling  water  will  not  give 
fo  great  a  degree  of  hardnefs  to  fteel, 
as  that  which  is  perfectly  cold;  it  is 

then 

f  J  :  ■*  ‘f  I  *  «  V  % 
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then  pretty  certain,  that  it  is  not  by  the 
introdu&ion  of  any  weighty  fubftance, 
that  fteel  in  tempering,  acquires  an  in- 
creafe  both  of  fize  and  hardnefs  ;  the 
lofs  of  the  half  grain  as  mentioned. 


flakes,  which  the  heat  ha*d  occafioned  to 
fall  from  the  fteel,  notwithftanding  I 
took  every  precaution  to  prevent  it,  this 
is  a  circumftance  however  fcarce  worth 
attention,  for  the  lofs  of  fo  fmall  a  part 
as  half  a  grain,  is  hardly  to  be  confi- 
dered  as  any  lofs  at  all. 

What  has  been  faid  in  oppofition  to 
the  introduction  of  water,  will  have  the 
fame  force  againft  that  of  the  particles 
of  fire,  which  it  may  be  imagined  re¬ 
mained  confined  in  the  fteel,  when  the 

water 


I 


\ 
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✓ 

water  in  cooling  it,  clofed  the  pores  of 
its  outward  furface ;  for  in  this  cafe  alfo, 
there  muft  have  been  an  increafe  of 
weight;  it  follows  then,  that  during  the 
inftant  of  tempering,  no  matter  whatever 
can  enter  the  fteel,  unlefs  it  be  of  an 
impalpable  and  fubtle  nature. 

In  refpeft  to  the  fefcond  explanation ; 
I  mean  that  which  makes  the  hardening 
of  fteel  depend  on  a  matter,  which  the 
fire  forces  from  amidft  its  particles,  and 
to  which  the  water  prevented  a  return  $ 
I  muft  own,  this  feemed  at  firft  very 
confonant  to  my  own  manner  of  think¬ 
ing;  it  appeared  natural  enough,  to  con¬ 
ceive  there  might  be  air  confined  amidft 
the  particles  of  untempered  fteel,  and 
that  this  air  tending  to  feparate  the 
1  parts. 
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partis,  might  in  fome  meafure  oppofe 
their  adhefion  but  that  the  fire  in  ran- 

fying  the  fteel,  expelled  this  air  from 
among  its  particles,  the  return  of  which 

was  effectually  prevented,  by  the  fudden 
manner  of  cooling  it,  though  it  would 
again  have  entered  the  fteel,  little  by  lit¬ 
tle,  had  it  been  fuffered  to  cool  by  de¬ 
grees  ;  but  led  any  one  fliould  adopt  this 
notion,  as  I  myfelf  was  tempted  to  do, 

I  will  mention  an  experiment,  which 
convinced  me  of  its  fallacy.  I  contrived 
means,  after  having  given  a  very  fufii- 
cient  heat  to  a  piece  of  fteel,  to  let  it 
cool  in  a  fpace  free  from  air ;  now  the 
reader  will  readily  conceive,  that  if  the 
hardnefs  of  fteel  was  occafioned  by  means 
of  preventing  the  re-entrance  of  air,  fteel 

D  cooled 


/ 
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cooled  in  this  manner,  fhould  be  as  hard 
as  when  quenched  in  water,  the  circum- 

< 

fiances  with  refped  to  their  effed,  be¬ 
ing  pretty  near  the  fame.  I  will  not 
enter  into  a  minute  relation  of  every 
article  of  management  I  ufed  on  this 

i  v 

occafion,  it  is  fufficien?  to  fay,  that  the 
tube  in  which  the  fleel  was  laid  to  cool* 
was  fo  effedually  flopped,  (after  having 


been  rarifyed  within)  as  to  prevent  the 
communication  of  any  outward  air;  hav¬ 
ing  repeated  this  experiment  feveral  times, 
I  always  found  that  the  fleel  was  juft 
in  the  fame  flate,  as  it  would  have  been 
had  it  cooled  in  the  open  air. 

Since  then  the  hardnefs  of  fleel  is 
not  produced,  either  by  the  introduction 
of  a  new  matter,  or  by  the  expulfion  of 

air. 
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air,  we  muft  therefore  fearch  for  the 
caufe  in  the  alteration,  which  its  texture 
undergoes  in  this  light,  both  Rohault 
and  Pert'aulty  believed  they  had  made 
the  difeovery  ;  the  firft  infifts,  that  the 
texture  of  fteel  is  rendered  more  uni¬ 
form  by  tempering,  on  account,  that  the 
water  puts  a  flop  to  the  a&ion  caufed 
by  the  fire,  at  an  inftant,  when  the 
parts  were  nearly  in  a  ftate  of  fufion, 
and  that  thefe  parts  have  not  time  there¬ 
fore  to  unite  themfelves,  fo  as  to  become 
larger,  and  thereby  leave  certain  intervals 
in  the  fteel,  wherein  the  teeth  of  a  faw, 
or  thofe  of  a  file,  might  eafily  engage ; 
but  probably  this  author  never  had  fuf- 
ficient  opportunity  to  examine  tempered 
fteel,  after  it  had  been  broke,  or  he 

D  2  would 


Would  certainly  have  obferved,  that  the 

higher  fled  is  tempered,  the  more  its 

/ 
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grain  is  enlarged,  and  the  greater  the 
fpace  of  divifion  is  between  each  grain, 
the  more  alfo  it  is  hard ;  if  then  fteel 
becomes  harder  by  being  quenched  in 
water,  it  is  not  therefore  that  the  fpace 
between  its  parts  are  fmaller,  but  that 

i 

in  reality  each  grain  is  become  in  itfelf 
more  hard,  and  that  the  parts  of  each 
grain  are  better  united. 

Perrauk  has  acknowledged,  that  the 

f  •  4 

grains  of  lied  became  harder  by  tem¬ 
pering,  notwithstanding  the  operation  left 

•  •-  •» 

intervals  between  them  j  he  attributes 

* 
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this  hardnefs  of  the  grains,  to  the  pref¬ 
igure  of  a  fubtle  matter,  which  he  ad- 

f  r 

puts  to  be  the  general  caufe  of  hardnefs 
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in  bodies,  and  is  of  opinion,  that  the 
fudden  manner  in  which  fteel  is  cooled 
by  tempering,  ferves  to  enclofe  this  mat¬ 
ter  3  if  this  was  the  cafe,  the  matter  thus 
confined,  would  have  its  liberty  to  efcape, 
and  doubtlefs  would  do  fo,  when  the 
piece  of  fteel  was  broke,  and  the  broken 
furface  then  fhould  become  foft  in  an 
inftant,  but  we  find  on  the  contrary  that 
it  always  preferves  its  hardnefs ;  the  man¬ 
ner  in  which  he  fuppofes  a  fubtle  mat¬ 
ter  to  adt  herein,  is  as  unfatisfadtory  in 
this  particular,  as  it  is  when  confidered 
as  a  general  caufe  ;  it  is  no  eafy  mat¬ 
ter  to  content  Philofophers  on  this  im¬ 
portant  queftion. 

Independent  of  any  general  caufe  of 
hardnefs,  I  believe  it  will  be  poflibie  to 

difeover 
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difcover  the  occafion  of  the  hardnefs  of 

**,.*''  1  f  •:  ^  i  !'*•'.*  *  •  -  *  *  ■+  ■  •  i 


fteel,  by  means  of  the  affiftance  I  have 
derived  from  the  examinations  I  have 

*  *  •  *  ♦  *  *  *  '.-**'■+*■  *  ,  M  *  ’  •  -  • 
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made  into  the  nature  of  that  metal,  an 

f  |  >  l  1  V  It/  I  i  i  J  1  r  •  *V  -’l  '  ..  > >  •  *  •  .  ,t  ‘  * 

account  of  which  has  been  heretofore 

♦  •*/V  .♦  ^  *  *  •  '•*  »  "  ^  ** 

delivered  to  the  R.oyal  Academy  at 
P477.J ;  we  fhall  thereby  be  able  to 
conceive  the  reafon  why  the  adtion  of 
tempering  has  fo  great  an  effedt  upon 
fteel,  in  proportion  to  what  it  has  on 
iron  ;  and  this,  we  find,  cannot  be  acr 
counted  for  according  to  Mr.  P  err  antis 


explanation. 

It  is  well  known,  that  the  principal 
difference  between  iron  and  fteel  is,  that 
the  latter  is  very  confiderably  more  im¬ 
pregnated  with  particles  of  fulphur  and 
fait,  than  we  find  the  other  to  be. 

V- 

Now 


i 
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Now  it  feems  moft  reafonable  to  fup- 
pofe,  that  wherein  we  find  thefe  two 
bodies  to  differ  from  each  other,  we 
may  there  expedt  to  find  the  occafion  of 
that  difference  which  the  fame  treatment 
produces  in  each  $  it  muft  be  then 
owing  to  the  fulphur  and  falts,  which 
the  fteel  poffeffes  in  greater  quantity 
than  the  iron,  by  which  it  acquires  the 
property  of  becoming  hard.  I  fhall 
endeavour  to  explain  in  what  manner 
it  may  occafion  the  fteel  to  become 
hard,  when  it  is  cooled  fuddenly,  and 

why,  on  the  contrary,  it  leaves  it  fof t, 

>  • 

when  it  is  fuffered  to  cool  by  flow 
degrees* 

It  is  neceffary  to  remember,  that  both 
iron  and  fteel  have  an  aptnefs  to  im¬ 
bibe 
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bibe  fulphur  as  they  acquire  heat,  blit 
that  too  violent  a  heat  may  again  de¬ 
prive  them  of  it  :  for  the  prefen t,  to 
avoid  as  many  unneceffary  circumftances 
as  poffible,  let  us  take  under  confidera- 
tion  one  Angle  grain  of  fteel,  which  has 
not  been  tempered.  This  grain  may 
be  difcovered  to  be  no  other  than  a 

V 

colledion  of  other  grains,  which  we  will 
here  term  the  molecules.  Thefe  mole¬ 
cules  are  difcoverable  by  the  microfcope, 
and  appear  themfelves  to  be  compofed 
of  other  parts,  which  we  will  fuppofe  . 
are  of  an  elementary  nature.  To  carry 
our  ideas  fo  far  as  the  fubjed  would 
permit,  we  might  ftretch  this  divifion 
much  further  ;  but  it  may  be  fufficient 
for  the  prefent  purpofe  to  let  it  reft 

here  j 
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here.  We  have  then  under  out*  confix 

deration  a  Angle  grain  of  fteel^  the 
molecules  it  is  compofed  of,  and  the 
elementary  parts  of  thofe  molecules* 

Now,  in  expofing  to  the  fire  the  piece 
of  fteel  which  contains  the  grain,  (at 
prefent  the  objedt  of  our  confideration) 
we  fhall  find,  that  the  fulphur  and  falts, 
contained  in  the  molecules*  will  be 
fooner  melted  than  the  molecules  them-*’ 
felves,  and  are  by  the  heat  drove  from 
among  the  parts  in  which  they  were 

contained,  and  take  place  amidft  its  va¬ 
cancies.  Thus  the  matter*-  which  the 
heat  had  expelled  from  within  the 
molecules,  now  fills  up  the  fpaces  be¬ 
tween  them  :  it  is  pretty  evident  then, 
that,  when  a  grain  of  fteel  has  received 

E  a  cer- 
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a  certain  degree  of  heat,  the  vacant 
fpaces  of  the  molecules,  of  which  it  is 

s 

compofed,  are  in  part  filled  up  by  a 
fulphurous  matter,  which  they  did  not 
before  contain,  and  which  has  been  ex- 
traded  from  the  molecules  themfelves*' 

In  this  ftate  the  piece  of  fteel,  which 
contained  the  forementioned  grain,  is 
fuddenly  plunged  in  water,  and,  in  that 

*  ♦  -  p  *  ■  *  * 

inftant,  we  fix  at  once  the  fulphur  and 
falts,  which  were  in  a  ftate  of  fufion, 
and  thereby  depriving  them  of  their 

fluidity,  they  are  no  longer  in  a  con¬ 
dition  to  re-enter  the  cells,  from  which 
they  were  drove.  Thus  the  fmall  in- 

*  f  ff  -  • 

terfpaces  of  the  molecules  are  better 

filled  up,  and  by  a  matter  which  we 
may  fuppofe  almoft  as  hard  as  we  pleafe* 

The 
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The  molecules  of  this  {ingle  grain,  there¬ 
fore,  will  hold  better  with  each  other, 

and  the  grain  of  fteel  will  be  more 

\ 

difficult  to  divide  or  break ;  or,  (what 
is  the  fame  thing)  the  grain  is  become 
more  hard.  The  fame  effedt,  doubtlefs, 
muft  have  been  produced  to  all  the 
other  grains  contained  in  the  piece  of 
fteel,  which  received  the  fame  degree 
of  heat,  and  thus  the  whole  body  be¬ 


comes  hard. 

The  pyrites,  which  is  a  fort  of  ful- 
phurous  ftone,  well  known  among  na- 
turalifls,  inclines  us  to  believe,  that  parts 
of  fulphur  and  fait  mixed  together,  may 
have  a  confiderable  degree  of  hardnefs, 
it  being  acknowledged,  that  the  pyrites 
is,  in  itfelf,  hardly  any  thing  more  than 

E  z  fait 
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fait  and  fulphur  ;  and  yet,  notwith- 

ftanding,  it  is  fo  very  hard,  that  it  was 

»  ■*  »  #» 
formerly  made  ufe  of  for  many  pur- 

pofes,  to  which  iron  is  now  appropri- 

»  «  •  #  #  «. 

ated.  When  I  fpeak  of  the  fulphur  na¬ 
tural  to  iron  and  fteel,  I  would  not  be 
underftood  to  mean  that  of  a  pure  and 
fimple  nature  :  on  the  contrary,  I  con- 
fider  it  as  a  fort  of  common  fulphur, 
like  unto  that  of  the  pyrites,  which  is 
known  to  contain  a  great  quantity  of 
fait. 

But,'  admitting  the  fulphurous  matter, 
we  have  been  fpeaking  of,  had  a  lefs 
degree  of  hardnefs  than  what  we  fup- 
pofe  it  to  have,  it  cannot,  however,  (by 
filling  up  the  intervals  of  the  molecules) 

i  A  ■*  • 

* 
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fail 

i  i 

r  ,  §  a# 
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fail  of  uniting  them  better  together  ; 
and  it  appears  very  certain,  that  the 
hardening  of  fteel  is  produced  by  means 
of  fixing  a  fluid  matter,  which  flows 
among  the  interftices  of  its  parts,  and 
which  is  not  of  a  Ample  nature,  but  is, 
doubtlefs,  ftrongly  impregnated  with  par¬ 
ticles  of  fait. 

l  j  ,  V  i* 

•  * 

Nothing  can  ferve  better  to  explain, 
and  at  the  fame  time  confirm,  what 

** 

has  been  faid,  than  the  manner  of  tem¬ 
pering  fteel  or  iron,  by  inclofing  either 
ip  an  iron  box,  together  with  fuch  in¬ 
gredients  as  will  beft  ferve  the  purpofc 
of  producing  more  than  an  ordinary 
hardnefs  5  fuch,  in  Abort,  as  abound 
tnoft  with  fulphurous  and  faline  mat¬ 


ter* 
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ter  Thefe  are  fet  in  fufion  by  the 
heat,  and,  entering  the  fteel,  fill  up  not 

only 

-  •  e*""  *  *•  *  i 

*  This  operation  is  termed,  by  thofe  who  per¬ 
form  it,  cafe-hardening,  and  with  much  reafon,  as 
the  thing  which  is  to  be  hardened,  is  heated  in  a 
cafe,  ufually  made  of  iron.  The  ingredients  com¬ 
monly  inclofed  to  aflift  the  procefs,  are  ftireds  of 
worn  leather,  pieces  of  horn,  foot,  &c.  Thefe 

fubftances,  which  contain  a  great  quantity  of  the 

•  •  • 

fulphurous  matter,  being  heated  for  a  certain  length 
of  time,  are  deprived  of  that  matter  by  the  piece 
of  iron  which  they  encompafs,  and  which,  accord¬ 
ing  to  the  French  author,  has  a  natural  thirft  to 
imbibe  fuch.  When  it  is  judged  that  the  heat 
has  been  fufficient  to  produce  the  effetft,  the  thing 

%  -r  f  '  '  „  “  * 

intended  to  be  made  hard  is  taken  out  and  quenched 
in  water,  and  it  is  then  found  to  be  as  refiftable 
to  the  file  as  even  fteel.  It  muft  be  acknowledged, 
that  this  circumftance  is  greatly  in  favour  of  our 
author’s  dodtrine,  it  being  hardly  poflible  to  con¬ 
ceive  a  ftronger  proof  of  the  certainty  of  hi& 
hypothefis. 

Thi* 
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only  the  infer  dices,  but  alfo  the  mole- 
cules  thcmfelves.  In  this  ftate  it  is 
taken  from  out  the  box*  and  quenched 
in  water,  and  by  this  means  it  will 
become  harder  by  the  fame  degree  of 
heat,  than  if  it  had  been  heated  in 
the  common  manner.  Our  expla¬ 
nation  affigns  the  reafon  for  this  dif¬ 
ference,  and  the  difference,  at  the  fame 
time,  confirms  our  explanation  ;  for 
the  grains  of  fteel,  thus  incafed,  and 
thus  fupplied,  are  more  penetrated  with 
fulphur  and  falts,  than  thofe  which  are 
heated  diredly  on  the  coals  5  and  by 
being  cooled  fuddenly,  more  of  thofe 

matters 

This  procefs,  however,  is  commonly  ufed  with 
iron  only,  fteel  being  capable  of  receiving  a  fufH- 
cient  degree  of  hardnefs  by  the  methods  ordinarily 
pra&ifed  for  that  purpofe. 
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shatters  confequently  become  fixed  ifl 
the  fleel,  in  the  one  cafe,  than  in  the 
other.  This  method  ufed,  even  with 

4  »  *  r 

iron,  occafions  a  hardnefs  about  its  fur- 
face,  approaching  to  that  of  fleel ;  the 
reafon  of  which  is  very  obvious,  for, 
during  the  time  it  was  heating,  the  in- 
terflices  were  filled  with  the  fulphurous 
matter  in  which  it  lay,  and  that  mat¬ 
ter  being  fixed  on  the  exterior  parts, 
by  being  quenched  in  water  when  in 
a  flate  of  fufion,  occafions  a  degree 
of  hardnefs  nearly  equal  to  that  of 
fleel.  ; 

There  is,  however,  a  difficulty,  which 
feems  to  occur,  viz.  That  the  means 
by  which  fleel  becomes  hard,  fhould, 
at  the  fame  time,  render  it  brittle,  and 


more 
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hlore  eafy  to  feparate  than  untemperecl 
fteel.  This  appears  neceflary  to  allow* 
when  we  confider,  that  in  ftretching 
two  pieces  of  Heel  of  equal  diameters, 
the  one  tempered,  and  the  other  not, 
the  piece  which  is  hard  will  break  by 
a  lefs  degree  of  force  than  the  other. 
To  explain  which,  it  muft  be  remem¬ 
bered,  that  as  fteel  increafes  in  fize  by 
tempering,  without  the  addition  of  any 
metallic  body  to  occafxon  that  increafe, 
the  number  of  points  therefore  which 
come  in  contadl,  are  lefs  in  fteel,  after 
tempering,  than  before  $  confequently, 
the  whole  of  the  fleel  is,  in  one  fenfe, 
weaker  after  being  hardened  than  be- 
fore.  It  feems,  however,  difficult  to 
admit,  that  tempered  Heel,  which  refills 

F  incom- 
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incomparably  more  to  the  file,  fhould 
be  weaker  when  extended,  than  fteei 
which  is  not  hard  $  for,  notwithftanding 
that  fleel  becomes  fragil  by  tempering, 

yet ,  that  does  not,  however,  fufficiently 

*  *  •  *  *  *  «  » 

prove,  that  the  junction  of  its  parts 
fhould  be  weaker.  The  ftroke  of  a 
hammer,  for  example,  which  will  break 
a  piece  of  thick  glafs,  will  not  do  the 
fame  to  a  piece  of  ftraw  $  but  the  fame 
piece  of  glafs  fufpended  will  fupport  a 

**'  ,  '  *  **•  ,  V  lit  I  s 

confiderable  weight,  and  the  ftraw  only 
a  light  one. 

V  •  .  f  S  V,  *  ■  - 

To  be  more  certain  on  this  head,  I 
had  recourfe  to  an  experiment.  After 
having  tempered  part  of  a  piece  of  fteel 
wire,  and  marking  that  part  which  re¬ 
ceived  the  greateft  degree  of  heat,  I 

fixed 


V 
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fixed  one  of  the  ends,  and  to  the  other 
hung  a  confiderable  weight,  which  I 
increafed  till  the  wire  broke  afunder. 
Having  repeated  this  experiment  feveral 
times,  I  conftantly  found  _  the  fra&ure 

t 

happen  in  the  part  which  was  hard¬ 
ened,  and  generally  where  it  had  par¬ 
took  of  the  greateft  heat,  and  which 
confequently  was  the  hardeft.  I  re¬ 
peated  this  trial  fo  often,  and  with  fo 
many  precautions,  as  left  me  without  a 
doubt  concerning  it.  It  is  not  eafy  to 
afcertain  how  much  the  force  neceflfary 
to  break  a  piece  of  tempered  fteel  in 

this  manner,  is  lefs  than  what  is  re- 

\ 

quired  with  fleel  that  is  not  tempered ; 
but,  I  am  convinced,  the  difference  is 
very  confiderable,  and  much  more  than 

F  2  might 


(  36  ) 

might  be  expefted,  in  proportion  to  the 
augmentation  it  acquires  in  fize. 

Thus,  by  the  very  means,  the  flee! 
acquires  a  property  to  refill  fridion  or 
preflure,  it  becomes  more  fragil,  hence 
there  appears  a  kind  of  compenfation, 
which  gives  it  in  one  fenfe  what  it  ipofes 
in  the  other. 

Notwkhflanding  the  grains  of  fteel 
themfelves  do  hold  lefs  powerfully  to¬ 
gether  after  being  tempered  than  before, 
it  might,  neverthelefs,  be  expeded  they 
would  refill  more  to  the  file  or  chizel, 
as  we  find  is  the  cafe,  becaufe  the  parts 
of  which  each  grain  is  compofcd,  are 
in  themfelves  much  better  united  than 

*  i 

before  tempering.  When  a  file  acts  upon  a 
piece  of  fteel,  it  does  not  take  away 

the 
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the  grains  entire,  as  will  appear  by 
viewing  the  furface  of  fteel  that  has 
been  broke  afunder,  which,  however, 
even  and  clofe,  ftill  difcovers  much 
more  ragged  particles  than  the  furface 
of  fteel  that  has  been  filed,  which  is 
a  fufficient  proof  that  the  feparation 
happened  between  the  grains,  and  not 
in  the  grains  themfelves  ;  a  chizel, 
likewife,  cannot  cut  fteel  without  di¬ 
viding  the  grain,  it  can  hardly  be  fup- 
pofed  to  direft  its  way  precifeiy  between 
two  grains;  thus,  the  better  united  the 
parts  are,  which  compofe  the  grain, 

the  more  they  will  refift  to  the  file 

*  < 

or  chizel,  which  are  the  methods  com- 
monly  ufed  to  prove  its  hardnefs. 


Notwithftanding 
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Notwithftanding  hardened  fteel  may 
be  weaker  in  one  refpedt  than  the  fteel 
which  is  foft,  its  grains  may,  neverthe- 
lefs,  have  a  more  powerful  adhefion 
with  each  other,  although  it  muft  be 
allowed  that  the  amount  of  force,  upon 
the  whole,  is  lefs  in  Heel  which  is 

•  1 

tempered,  than  in  that  which  is  not  fo ; 

to  render  this  ftill  more  clear,  it  is 

•  **  *  ■  y*  > 

neceffary  to  remember  that  it  has 

» 

already  been  proved  that  fteel  enlarges 
by  being  tempered  5  this  enlargement 
fuppofes  an  increafe  of  magnitude  in 
each  grain,  and  we  will  here  defire  the 
reader  to  figure  to  himfelf  two  pieces 

of  fteel  of  equal  fize,  the  one  tempered, 

/ 

the  other  not ;  in  the  former  he  will 

•  V 

iind  the  grain  larger,  and  confequently 


not 
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not  fo  numerous  as  in  the  other ;  the 

,  r  *  t 

parts,  therefore,  which  come  in  contact 
in  the  tempered  fteel,  will  not  be  fo 
many  in  number  as  ih  the  piece  that 
is  not  hard,  and  confequently,  not  having 

»-  r  r 

fo  many  points  of  hold,  will  be  eafier 
caufed  to  feparate;  but  notwithftanding 
the  weaknefs  of  its  force,  conlidered 
colle&ively,  we  may,  however,  eafily 
imagine  that  it  would  be  more  difficult 
to  feparate  one  of  the  grains  from  its 
neighbour,  in  the  piece  tempered*  thaii 
in  that  which  is  not  tempered,  for  the 
increafed  fize  of  its  grain  occafions  it  to 
have  a  greater  fpace  of  contact  with 
the  adjoining  one,  though  the  conta£t, 
not  being  fo  often  repeated  in  the  fame 
degree  of  fpace,  leaves  tempered  fteel, 

upon 


(  4°  > 

upon  the  whole*  much  more  fragii  than 
that  which  is  foftj  and  it  will  always 

V.  -  ■  V”  *  *-  '  .  *  *  t  *  * 

.  *  4  '  '  *  -  t 

appear,  that  the  larger  the  grain  of 

\A  «  y  •** 1  ^ 

fteel  is  after  hardening,  the  greater  will 
be  its  degree  of  hardnefs.  *- 

Thus  every  phenomenon  regarding  the 
tempering  of  fteel,  is  fufficiently  accounted 
for,  we  perceive  the  reafon  why  fteel  be-* 
comes  hard  by  tempering,  why  it  becomes 
harder  by  being  tempered  hotter,  and  alfo 
why  it  happens  to  be  lefs  yielding,  and 
more  brittle  after  tempering  5  this  confe- 

*■  *  *  -  *  c  • -  v  *'  **  *  ,  '  •  y  * 4 

quence  indeed,  might  well  be  expedted 
from  the  circumftance  of  its  augmenta¬ 
tion,  for  in  bodies  of  the  fame  matter, 

v  j» 

t 

and  equal  quantity,  that  will  always  be 

the  moil  flexible,  which  is  compofed  of 

*•  *  • 

the  imalleft  parts  *  a  cylinder  of  glafs,- 

for 
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for  example*  will  be  very  brittle*  and 
yet  the  fame  glafs  drawn  into  threads, 
will  form  a  flcaine  of  a  very  flexible 
nature,  and  the  more  fo,  as  the  threads 

W  *  f  tm  *  ^  J  i  ^  I  f 

,of  which  it  is  compofed  are  fmaller, 
Untcmpered  fteel  may  be  compared  to 
the  mafs  formed  of  the  fmalleft  parts* 
and  that  which  is  tempered,  to  the  other. 

It  remains  to  examine,  why  fteel  which 
has  been  hardened,  will  again  become 

f"  '  **  ' m 

foft  by  being  heated,  or  (which  is  the 
fame  thing,)  why  it  would  have  remained 
foft,  if  inftead  of  being  plunged  in  water, 
4t  had  been  left  to  cool  among  the  coals, 
from  which  it  received  the  heat. 

It  has  already  been  remarked,  that 
both  iron  and  fteel  have  an  eagernefs  to 
imbibe  the  fulphur  and  falts*  which  the 

G  heat 
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*  •  r  *  f i  • 

heat  cauies  to  float  in  thofe  bodies,  and 
by  degrees,  as  the  aftion  of  the  fire 

t  *  •  ’  r*. 

grows  weaker,  part  of  the  fluid  matter, 

f”  *  -  ,  - 

which  had  been  forced  from  the  molu- 

*  .  „  *  *  ■  i 

•■vt*  *  * 

cules  re-enters,  if  the  heat  diminifhes  by 

very  flow  degrees,  the  greater  quantity 

-  *-  >  {  /T,.,  %  <- 

will  return,  thus,  the  more  the  means 

$ 

.  *  .  •  r  *  • 

of  cooling  the  fteel  are  procraftinated,  the 

*  r  ,  .«■ 

'  *  f-\  r  y 

lefs  it  approaches  that  ftate,  which  tem- 
pering  would  have  brought  it  to,  on  the 

#  i  * 

contrary,  the  more  fudden  the  means 

\.j  -  f 

?  •  , 

are  of  cooling  it,  the  harder  it  will  be. 

Notwithftanding,  we  have  all  along 
fpoke  of  tempering,  as  a  very  fudden 
operation,  it  muft  not  however,  be  con- 

r  f  » 

fidered  as  inftantanious ;  neither  fteel  nor 

iron  becomes  cold  immediately,  upon 
/.  *  *  -  , 
their  being  plunged  in  water,  on  the 

*•  .V. 

contrary, 

*  *  *  ♦ 
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contrary,  they  preferve  a  confidcrable 
heat  for  fome  time,  and  if  the  piece 

that  is  tempered,  is  pretty  fubflantial, 

we  may  perceive  that  it  retains  its  red- 
nefs  for  fome  time,  under  the  water, 

and  during  the  fpace  the  fteel  is  un¬ 
dergoing  the  change,  from  a  foft  body 
to  a  hard  one,  it  is  eafy  to  conceive, 
that  part  of  the  fulphurous  matter,  which 
the  fire  had  fet  in  agitation,  regains  the 
place  from  whence  it  had  been  drove. 

It  may  happen  (according  to  the  dif- 
ference  of  fteel)  that,  that  which  is 
tempered,  after  having  been  made  white 
hot,  may  not  have  more  fulphur  dif- 

i 

perfed  in  its  parts,  than  other  ftcel  which 
is  only  heated  red  j  this  laft  remark  ex¬ 
plains  a  fundamental  rule,  refpefting  the 

different 

■  1 


* 


{  44  ) 

different  degrees  of  hardnefs^  fteel  may 

*  f  m  *  s  »  + 

receive  by  tempering,  viz,  that  of  diffe¬ 
rent  pieces  of  fteel  tempered  at  the  fame 

•  *  •  *  * 

degree  of  heat,  that  Will  always  be  the 

hardeft,  whofe  parts  contain  the  greateft 

quantity  of  the  fulphurous,  and  faline 


matter. 
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